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ZnS nanowires and their coaxial lateral BN nanowire heterostructures with a length of hundreds of
micrometers and an average diameter of 300 nm were fabricated via one-step chemical vapor
deposition method. Wurtzite ZnS nanowires were coated by a shell of fluffylike hexagonal BN
sheets distributed randomly. Thermogravimetric analysis indicates that the heterostructures have a
much better oxidation resistance compared with ZnS nanowires. Their similar optical property
suggests that the ZnS/BN heterostructures would have potential applications in thermally and
chemically rigorous environments. © 2007 American Institute of Physics.
DOI: 10.1063/1.2711288
One-dimensional 1D semiconducting nanostructures
have attracted extensive attention due to their unique prop-
erties and their potential applications in nanoelectronics and
optoelectronics.1–3 As an important II–VI semiconductor,
ZnS is a well-known photoluminescence material that has
potential applications in electroluminescent devices,4 flat-
panel displays,5 photocatalysis, and solar cells.6–8 Many
efforts have been devoted to the control of morphology
including size and shape of ZnS nanostructures and their
crystal structures, and to the nanoarchitectures with
desired orientations.9 Various 1D ZnS nanostructures
such as nanorods,10 nanowires NWs,11 nanobelts,12
heterostructures,13 and nanotubes13,14 have been achieved.
The stability of nanoscale materials is a key factor influ-
encing their practical applications. High chemical reactivity
is often observed in some nanoscale materials due to their
low dimensionality and a high surface-to-volume ratio.15
This chemically active nature could lead to oxidation and
contamination of nanomaterials easily, which result in dra-
matic changes in their structures, morphologies, and proper-
ties. From the application viewpoint, it is critical to suppress
surface chemical reactivity of nanomaterials and nanostruc-
tures. One possible solution is to wrap nanomaterials with
chemical inert protective shells. Different materials have
been used to wrap ZnS NWs to form coaxial lateral nanowire
heterostructures LNHs, such as ZnS/SiO2,16 ZnS/Zn,17,18
ZnS/ZnO,13,19 ZnS/BN,15,20 and ZnS/SiC.21 Among them,
BN is the best protecting material due to its insulating prop-
erties and remarkable chemical inertness and thermal stabil-
ity. It has been noted that the currently reported techniques
used for fabricating ZnS/BN LNHs require a synthesis tem-
perature of 1600 °C.15,20 For this reason, low temperature
fabrication method with a high quality control is desired
from the scale-up production and application standpoints.
In this letter, we report a technique to fabricate ZnS
NWs and coaxial ZnS/BN LNHs by chemical vapor deposi-
tion at 1200 °C. Their structural characteristics, optoelec-
tronic property, and oxidation property were investigated.
The synthesis was carried out in a multizone horizontal
furnace. Two samples were fabricated for comparison.
Sample A was synthesized by phase vaporization of commer-
cially available ZnS powders at 1200 °C under the gas mix-
ture of NH3 50 SCCM SCCM denotes cubic centimeter per
minute at STP and H2 20 SCCM for 2 h. Sample B was
fabricated by chemical vapor reaction in a mixture of 0.7 g
B–O–Fe precursor with a mass ratio of B:B2O3:Fe2O3
=1:7 :2 and 0.5 g ZnS powders under a mixed gas flow of
Ar 50 SCCM and NH3 50 SCCM for 2 h at 1200 °C.
The resultant products were collected from the reaction zone
of 800 °C in both cases. Their structural characteristics
were characterized by x-ray diffraction XRD, scanning
electron microscopy SEM, and transmission electron mi-
croscopy TEM equipped with electron energy loss spec-
trometer EELS. The photoluminescence PL measure-
ments were carried out with a micro-Raman spectroscopy
with a 325 nm He–Cd laser. Oxidation property was mea-
sured by thermogravimetric TG analysis.
Figures 1a and 1b are typical SEM images of two
samples, showing their uniform morphology 1D with hun-
dreds of micrometers in length and large quantity. Enlarged
SEM images e.g., inset in Fig. 1a confirm that they have
hexagonal cross sections with diameters of 300 nm. It is of
aAuthors to whom correspondence should be addressed.
bElectronic mail: maxlu@uq.edu.cn
cElectronic mail: cheng@imr.ac.cn
APPLIED PHYSICS LETTERS 90, 103117 2007
0003-6951/2007/9010/103117/3/$23.00 © 2007 American Institute of Physics90, 103117-1 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions. Download to IP:  130.102.82.70 On: Fri, 30 Sep 2016
06:31:05
interest to note that side surfaces of sample A are relatively
smooth refer to the inset of Fig. 1a, while this is not the
case for sample B refer to the inset of Fig. 1b—
nonsmoothed side surfaces. Extensive SEM investigations
confirmed that no metallic particles were associated with the
fabricated nanostructures, suggesting that their growth was
governed through the vapor-solid mechanism.22
Figure 1c shows the XRD patterns of both samples.
For sample A, only sharp diffraction peaks can be seen and
all peaks can be indexed by wurtzite ZnS structure with the
lattice parameters of a=0.382 nm and c=0.624 nm.20 These
sharp diffraction peaks can also be found in sample B, indi-
cating the existence of wurtzite ZnS structure in this sample.
In addition, several broad peaks can be identified in sample
B’s XRD pattern, suggesting that sample B contains addi-
tional crystalline phases with their lattice spacing varying
slightly. Careful identification of these broad diffraction
peaks suggests that they belong to the hexagonal BN struc-
ture with the lattice parameters of a=0.2504 nm and
c=0.6656 nm.23
Detail structural and compositional characteristics of
these 1D nanostructures were further investigated using
TEM. Figures 2a and 2b are typical TEM images of sec-
tions of from both samples and their corresponding selected
area electron diffraction SAED patterns are shown in Figs.
2c and 2d, respectively. Figure 2a confirms the NW na-
ture of sample A and Fig. 2b confirms the LNH nature of
sample B. Figure 2c and 2d diffraction spots in both
cases confirm that NWs and the cores of LNHs are ZnS and
their axial directions are parallel to 0001. As can be seen
from Fig. 2b, the ZnS core is surrounded by a shell of
fluffylike materials with a thickness range of 2050 nm.
Their EELS analysis Fig. 2e shows that the material con-
tains B and N only with sharp * peaks in their K edges,
indicating that the material belongs to the sp2-type BN, i.e.,
the graphite natured BN. In fact, the hexagonal BN structure
has also been confirmed with the diffraction rings in the
SAED pattern shown in Fig. 2d. Furthermore, the diffrac-
tion rings indicate that the BN materials are in the form of
polycrystalline, as evidenced by the TEM images e.g. Fig.
2b. High resolution HR TEM was employed to under-
stand the atomic nature of the ZnS/BN interface. Figure 2f
shows a typical example, in which randomly distributed BN
graphite sheets surrounded around a single crystalline ZnS
core are clearly observed. HRTEM investigation of these BN
sheets was carried out in the surface region of the ZnS/BN
LNHs and an example is shown in Fig. 2g, which confirms
that BN sheets have sizes of several tens of nm and up to
15 graphene layers.
Room-temperature PL spectra of the synthesized ZnS
NWs and ZnS/BN LNHs are shown in Fig. 3a. As can be
seen, both samples exhibit a similar PL spectrum with an
emission centered at 525 nm. Such an emission has been
widely reported to be due to the defect states such as self-
activated centers caused by vacancy and/or interstitial states
available in ZnS NWs and ZnS/BN LNHs.11,12,24–26 Further-
more, the similarity of PL spectra of both samples indicates
that 1 the PL emission at 525 nm must be due to ZnS
nanowires only and 2 the BN shells in ZnS/BN LNHs do
not affect the optical nature of ZnS NWs. It is of interest to
note that, similar to many previous studies,25–28 the intrinsic
emission of ZnS at 337 nm has not been observed in this
study, as the laser source we used a 325 nm He–Cd laser
might not be sufficient for detecting the ZnS intrinsic emis-
sion. Nevertheless, based on the similar strong emission of
FIG. 1. SEM images of a sample A and b sample B. c X-ray diffraction patterns for both samples.
FIG. 2. TEM images of a sample A and b sample B. Their corresponding
SAED patterns are shown in c and d, respectively. e EELS analysis of
the shell region of sample B. HRTEM images f near the ZnS/BN interface
and g near the surface region.
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PL at 525 nm, we expect a similar intrinsic emission, all for
both samples.
As discussed earlier, oxidation of semiconducting mate-
rials could be a potential problem in their practical
applications,15,20,29 so the oxidation property of both samples
was evaluated through TG analysis in air and the results are
given in Fig. 3b. It is of interest to note that the weight loss
of ZnS/BN LNHs occurs at a temperature of 150 °C higher
than that for ZnS NWs, indicating that ZnS/BN LNHs have
a better oxidation resistance. It is believed that the improved
oxidation property of the ZnS/BN LNHs is attributed to the
high chemical inertness of BN shells.
The formation of ZnS nanowires can be understood by a
vapor-solid process due to the lack of catalysts in the fabri-
cated 1D nanostructure.22 There are two possible mecha-
nisms for the formation of ZnS/BN LNHs.
• It has been suggested that BO formed due to the reaction
of amorphous B powders with B2O3 may further react with
NH3 to form hexagonal BN nanosheets at 1200 °C.30
Since raw materials were placed at the 1200 °C zone and
the fabricated ZnS/BN LNHs were colleted at the 800 °C
zone, there is a possibility for BN nanosheets to form at
1200 °C and flow to the 800 °C zone and to be adhesive
with ZnS NWs.
• Zhu et al.15 suggested that BO and NH3 can be reacted at
800 °C. If this is true in our case, the formation of LNHs
can be proposed as follows: vaporized BO may flow to the
800 °C zone and deposit on the surface of ZnS NWs. They
then further react with NH3 to form BN nanosheets.
Although we do not have direct evidence to distinguish
which mechanism governs the formation of ZnS/BN LNHs,
we anticipate that the latter case would be more likely as the
adsorption of BO on NW surfaces decreases the energy bar-
rier for the formation of BN.15
In conclusion, ZnS NWs and associated coaxial
ZnS/BN LNHs were fabricated via chemical vapor deposi-
tion at 1200 °C. TG analysis reveals that ZnS/BN LNHs
have a stronger oxidation resistance. The fact that both NWs
and LNHs have a similar PL spectrum at room temperature
indicates that the fabricated ZnS/BN LNHs have potential
applications in chemically stabled devices.
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